Oral administration of a single dose of ribonucleic acid-protein fraction of lysates of Vibrio cholerae subtype Ogawa Lforms induced an increase in cellmediated immunity in rabbits. This was demonstrated by an increase in leukocyte migration inhibition in peripheral blood leukocytes, in macrophage migration inhibition, and in microbicidal activity against Listeria monocytogenes in peritoneal macrophages obtained from orally immunized rabbits. Increased cellmediated immunity was induced mainly with V. cholerae Ogawa and ribonucleic acid-protein fractions. It appeared in 20 days and persisted for at least 90 days.
Experimental evidence produced earlier showed that L-form lysates of Vibrio cholerae produced a good humoral antibody response after both parenteral and oral immunization (1) (2) (3) . We recently reported that ribonucleic acid-protein (P-RNA) fraction of V. cholerae Ogawa L-form lysates produced cell-mediated immunity (CMI) in rabbits after parenteral injection (4) . Since cholera is an intestinal infection, it is more appropriate to explore the possibility of producing CMI after oral administration of P-RNA. We have, therefore, studied CMI in rabbits after oral administration of P-RNA. In addition to parameters used earlier (4) for measuring CMI, i.e., leukocyte migration inhibition (LMI) and macrophage migration inhibition (MMI), we have also determined the microbicidal activity of immune peritoneal macrophages as a direct measure of acquired cellular resistance.
MATERIALS AND METHODS Animals. Healthy male rabbits weighing 1.5 to 2 kg were used. They were bred in our Central Animal House and kept on a diet of Bengal gram, green vegetables, and water ad libitum.
Bacteria. V. cholerae subtype Ogawa S 162/58 was used for making L-form Ogawa lysate vaccine. This was later extracted with phenol to give P-RNA fraction as described earlier (4) .
Listeria monocytogenes was kindly supplied by J. W. Osebold (Department of Veterinary Microbiology, University of California). It was grown in brain-heart infusion (BHI) broth at 37°C for 18 h and centrifuged at 2,500 rpm (800 x g) for 15 min. The pellet was washed and resuspended in BHI broth to the original quantity. The suspension was distributed in 1-ml portions.
Chemical determinations. In the P-RNA fraction, protein was estimated by the Folin-phenol method of Lowry et al. (5) . RNA was estimated by use of pentose analysis (6) . The batch of P-RNA was the same as used earlier; therefore, the values for protein and RNA are the same, i.e., RNA = 415 ,ug/ml and protein content = 270 ,ug/ml.
Immunogen. P-RNA was obtained from V. cholerae Ogawa L-form lysates by phenol extraction as described earlier (4) . Bentonite (2 mg/ml) was added to inactivate any ribonuclease which might tend to destroy RNA during its passage in the intestine. Heat-killed tubercle bacilli (2 mg/ml) were added to a portion of this antigen containing P-RNA and bentonite. The rest of the P-RNA was used as such.
Oral immunization of rabbits with P-RNA. Rabbits were kept fasting for 24 h. On the day of immunization, they were lightly anesthetized with pentothal sodium, 30 to 40 mg/kg of weight, followed by ether. A sterile Ryle tube was passed into the stomach. Its exact position was ascertained by knowing the distance up to which the Ryle tube was introduced. A small quantity of gastric contents was withdrawn in a glass syringe to ensure that the Ryle tube was in the stomach. Then 10 ml of 5% NaHCO3 was introduced through the Ryle tube into the stomach to neutralize gastric acidity. This was followed by introducing 2 ml of P-RNA fraction through the same tube. After the oral administration of P-RNA vaccine, 5 ml of distilled water was allowed to flow through the Ryle tube into the stomach to ensure that vaccine did not remain in the tube and that all of it passed into the stomach. The rabbits were kept without food for 2 h. Both control and immunized rabbits were pretreated in the same way. Estimation of CMI. LMI and MMI were determined in control and immune rabbit peripheral blood leukocytes and peritoneal macrophages as described earlier by us (4) . For LMI determinations, the leukocytes were separated from heparinized blood, centrifuged, washed with Hanks balanced salt solution (HBSS), distributed, and packed in microcapillaries 2 to 3 mm long. These were fixed with silicone grease in the bottom of plastic ring chambers, near the rim. The chambers were filled with minimal essential medium containing 10% inactivated bovine serum. For determination of MMI, the peritoneal macrophages were collected from the peritoneal cavity by pouting into it 200 ml of cold HBSS containing heparin (5 IU/ml) and aspirating in a siliconized flask. The macrophage suspension was centrifuged, washed twice in HBSS, and suspended in minimal essential medium containing 10% bovine serum. The macrophages were also distributed in microcapillaries and placed in plastic ring chambers as in the LMI determinations. The leukocytes or macrophages were specifically stimulated by V. cholerae lysate, Ogawa, Inaba, or P-RNA antigens by adding the respective antigen to the plastic ring chamber containing the leukocyte or macrophage microcapillaries and allowing the cells to migrate at 37°C for 18 to 24 h. In every test, migration of leukocytes or macrophages in chambers where no antigen was added acted as a control. The area of migration was traced with a camera lucida. The area of migration of leukocytes or macrophages in the presence of different antigens was compared with that without antigen, and their ratio was expressed as a percentage. A lowering of the migration index to 80% or more indicated migration inhibition. The percent LMI or MMI was calculated by substracting the migration index from 100. Values greater than 20% LMI or MMI indicated CMI.
Microbicidal activity of control and immune peritoneal macrophages was determined as described by Simon and Sheagren (7) . Briefly, the peritoneal macrophages were collected and were washed three times with HBSS (pH 7.2) containing 1% glucose and antibiotics (penicillin, 100 U/ml; streptomycin, 100 ,ug/ml). RESULTS Effect of oral immunization with a single dose (2 ml) of P-RNA vaccine on LMI of peripheral leukocytes and MMI of peritoneal macrophages. LMI and MMI were determined in four normal unimmunized rabbits (R-1, R-2, R-3, and R-4) after incubating the leukocytes or macrophages for 18 h at 370C in the presence of V. cholerae Ogawa, Inaba, or P-RNA antigens. The antigen concentrations employed in the test were chosen so as to eliminate any possibility of their having a direct cytotoxic effect on macrophages. The results show that these concentrations did not directly inhibit LMI or MMI (Table 1) . Further, in all four unimmunized control rabbits, the migration index of leukocytes and peritoneal macrophages remained above 80%. In other words, migration inhibition was less than 20% in the presence of the V. cholerae Ogawa, Inaba, or P-RNA antigens. These unimmunized rabbits do not, therefore, possess any CMI as indicated by their LMI or MMI. Five rabbits (R-13, R-14, R-15, R-16, and R-18) were immunized orally with a single dose of 2 ml of V. cholerae Ogawa lysate P-RNA vaccine containing heat-killed Mycobacterium tuberculosis. LMI and MMI of peritoneal macrophages were determined at different time intervals after immunization. The results showed that an increase in LMI and MMI (more than 20%) appeared in 20 days (R-14, R-15, R-16, and R-18). The results of oral immunization with P-RNA vaccine alone also showed an increase of LMI or MMI (more than 20%) in 20 days in 9 of 10 rabbits. The increase was induced earliest by V. cholerae Ogawa and P-RNA antigens. Later, it could be induced by Inaba antigen. The results of MMI tests were more clear-cut. The increase in LMI after induction with Ogawa antigen persisted for at least 90 days, whereas that with Inaba antigens disappeared in about 50 days. The results of MMI showed induction of CMI within 20 days with Ogawa and P-RNA antigens. In 27 days, Inaba antigen-induced CMI was increased (MMI > 20%). P-RNA-induced MMI persisted for 83 days, and Ogawa antigen-induced MMI persisted for at least 90 days.
Effect of oral immunization with a single dose (2 ml) of P-RNA vaccine from V. cholerae Ogawa lysate on microbicidal activity of peritoneal macrophages. As in LMI and CMI, the different V. cholerae Ogawa, Inaba, and P-RNA antigens did not have any direct toxic effect on normal macrophages resulting in microbicidal activity ( Table 2 ). The 1.5-to 4-h growth of viable intracellular L. monocytogenes in peritoneal macrophages obtained from four normal unimmunized rabbits (R-1, R-2, R-3, R-4) proceeded unhampered when the macrophages were incubated with different antigens, and the growth was similar to that in macrophages incubated for 18 h without any antigen. This also showed that normal peritoneal macrophages do not have any microbicidal activity for L. monocytogenes cells which multiply in them. Therefore, the control rabbits did not possess any CMI to V. cholerae antigens, as indicated by the absence of microbicidal activity in their peritoneal macrophages. Four rabbits (R-13, R-14, R-16, and R-18) were orally immunized with 2 ml of P-RNA containing heat-killed M. tuberculosis. Microbicidal activity was determined 7, 20, 27, and 34 days postimmunization. In each immunized rabbit, the slope of 1.5-to 4-h growth of L. monocytogenes in macrophages without any added antigen served as a control and was compared with the slope of 1.5-to 4-h viable counts in macrophages specifically stimulated with different antigens. Thus, in R-13 (7 days postimmunization), the intracellular viable count of L. monocytogenes in macrophages without added antigen showed an increase between 1.5 and 4 h from 18 x 104 to 36 x 104 bacteria/ml, whereas in macrophages incubated with Ogawa antigen it decreased from 30 x 104 to 11 x 104 bacteria/ml, showing that at 7 days postimmunization immune macrophages have developed increased microbicidal activity. In other words, they acquire cellular resistance specific to Ogawa antigen. In R-14 (20 days postimmunization), increased microbicidal activity was induced by Ogawa and P-RNA anti- gens, but not by Inaba antigen. However, in R-16 and R-18 (27 days postimmunization), all antigens i.e., Ogawa, Inaba, and P-RNA, induced increased microbicidal activity. Ten rabbits were immunized orally with P-RNA vaccine alone. Increased microbicidal activity to all three antigens was noted in 9 of these rabbits at postimmunization periods ranging from 20 to 90 days. DISCUSSION The results reported above show that there is an increase in CMI after oral administration of even a single dose of P-RNA vaccine alone, although heat-killed mycobacteria were added in preliminary experiments with the idea that they might act as adjuvants. P-RNA fraction is derived from V. cholerae Ogawa L-form lysate vaccines. Therefore, the induction of CMI with Ogawa antigen is more marked than with Inaba antigen. P-RNA fraction may itself have some contaminating Ogawa antigen protein, and, therefore, it will induce a microbicidal activity response similar to that induced by Ogawa antigens. CMI induced by Ogawa and P-RNA antigens appears earlier and lasts longer than with Inaba antigen. This kind of response is seen in LMI, MMI, and microbicidal activity tests for CMI. Inaba-induced CMI appears later and lasts for a short period. It must be stated that purified Inaba antigen was not used to induce CMI; the Inaba antigen used was a crude lysate. It is, therefore, possible that increased CMI may be due not only to crossreacting antigens but also to any contaminating Ogawa antigen. The results of microbicidal activity tests are more clear-cut and definitely indicate an increase in acquired cellular resistance. What role this cellular resistance may have in determining the host-parasite relationship in the pathogenesis of cholera, especially in early establishment of V. cholerae in the intestines, cannot be stated.
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